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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high electron 
mobility transistor(HEMT) of GaN compound sarnicon- 
ductor whara a high voltage can ba applied. 

SOLUTION: A laminated structure A is composed of 
an l-type semiconductor layer 3 and an N-type semi- 
conductor layar 4 laminated in this saquenca on a 
semi- insulating substrate 1, wherein the semiconduc- 
tor layers are all formed of GaN compound semicon- 
ductor. A gate electrode G Is provided in the N-typa 
semiconductor layar 4 through the intermadiary of a 
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P-type semiconductor layer 5 of GaN compound semi- 
conductor, a source electrode S and a drain electrode 
D are provided direct onto tha N-typa semiconductor 
layer 4 % and the P-type semiconductor layer 5 is a 
single-layer structure of P-type GaN layer or P-type ln- 
GaN layar or a two- layered structure composed of a 
P-typa GaN layer and a P-typa InGaN layer. 
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lTMlttimUeF9>^» (HEMT) 
[»?**«] 1©±K, ifi*3*f«l 

3. nffi*»fttI4*C©IB»r8Hll/r«*8IJWtt 
1 AaWBfiRSh. £¥*ftifl*lr»rtl6 G a NKft#M 
nS^««4©_BcttGaN«{fc£ 

WW*** tf&zp m^mwm 5 or y- h m«G 
*rcnS[i|a»#Mi4©±(cBa[«v-x* 
ssi Ku-o«ffiDj!iJ*n-en$a53nr*5»). pS 

5 pSGaN»*>0<WpSI nGaNJi 
©l)H*ji. 3Sfc«pMGaNJgKpgI nGaNl* 

«n orj£S2int3ir*£. 
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mmi] wmmm>±.ic< i&*m&®. n 
M¥m#mzc(DmffvffimbXi&zffimmmwi$.2 

[ft#3I2] fJIBpS^igWf^ pIGaNl(>l 10 
<«p^I nGaNJKDlUfji, S/dipSfGaNJI 
IC p §S I n G a N® fcJRB G T/£ * 2 
Sl©K&a&gh7>y*2. 

[8W©i¥fflfts&Bjn 

[0 00 1 ] 

ttrt>6)£SK#»lgh-7>^** (HEMT) (CIWU 
©HEMTtCWfS. 

[0 00 2] 20 

*tt\ ¥f&ilittg«©±K: iMGaAsH£n§2!GaA 
1»A s^.l^rJi^liL,, ^U^OniGaAl, 

ft> IICMi«pSGaAsl^Oty- 

[0 00 3] C©il(DHEMTO«^, x = 0.25 
©£*©x*Jb+'-^>K0**-S>£. nSGaA 1 30 
o. JS As,,. 7J JI£ iiGaAsI©^fni^|fi(Cfc 
ttS^f-nRtlg (AE c) «#J0 .2 6eV(C&-oT(,> 

flnu *fcy-xm@£y-hmg©w(cji/W7^m 

E£effiJDfSC ££<£*). i3IBnS!GaA l,Ai,.J 
*>6«^©T«:ffiil-r Z i SG a A s ®'vg^#ttt& i * 

ft> tt*&?nfcm^«frias^i?ffi-r2^7cm^^^)a 

k u ii^ji-canr h e m 7mt%$m? 
s. -?■©*§£, y- hSE©BT«:*iW5Si??^e*!» 

tHi£. 2^7cmT*5^X)i'v©mT©&10ji&^« . 

us**©-?. 

[0 00 4] Lfrbte&h. GaAs3fcHEMT©t§ 

n&£#ffittfcttS^iS£b'«> R J 0 . 2 6 eV 
*Ig (x=0.25Oit) TfefJ. ^©iffiiltii!J«m# 
<Btt3 x 1 O s V/arifiK-C&£fc«>. hmiitCitm 
E£EP»LT^©aTCC*^f?£,TJj&t-£ C £«:<£ 0 jl5 
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Sft?:fflC^cH EMT©5i:fW5£*nffcnri,^„ 
[0005] ttltt. GaA UN^.iGaNiO^f 
ng^HtCteWS^rDplM (AEc) ttifr0.6 7e 
vt?£>9. GaAsS©lg^K:J:b^riK)2.6fg£il5t^ 

a^*> f**u £tc*<D&&fmn&m'b 2x10 

'V/anr* 0 . G a A s S©*&£-itJt^T 1 tir;*;#l,>© 

Ci*T4, HSWtCtt, Ga A s&fCtt^tm^igg 
£1 0ffigg^*<-r^C£*i-C*2>^6-C*.5. 
[0006] C©Ga NJSHEMTi bXit, MittCK 

©*S&fc©#MOCVDffi*fflt>T«6SftTi>s. 

rttt>%*r. **6i»tt©^7 7^7»s©±{c, ai 

jtfWJVJK, NiS£L/T7>*-7%ffl^TH!rfBA 
lNA„7 T IB©±{ciSGaNB3&Jfiaesn. JSKh 
!M?*7*3~9A*A ljlibTifiaiSGaNIB 
©±KnSA 1 GaN)l#J&Ig3*i.2,. •?-L,r v t©n 
SA 1 GaN®K>tfLT3ti*©*n; 7^57 -<-£x 
yf>^Tofc©%, ef5£©®9ffcy- h®ffi. 7- 

[0 007] COGaNIHEMTO^, iSGaN 
ItnSA 1 GaNjlC^f-Dg^fjlffi. ftfl#JCC« i 

C*«T#iS«#«lLTHEMT«|f££S|3rrS. C© 
£lf. ^©^Iftg^^-rSfc&K^, C©iMG 
a NMtCB^*«|^|Sa^B*i«*??4ori>iiC>C £ 
ifiSSXhZ. 
[0 0 0 8] 

L J: 5 £T* SIB] t,*>L&#6» JJBU 
ZcGaNSHEMT©^. G a A s&HEMTtCJt'* 

ttib&ism? z *>©£ m^-/fita\ *mn*s&tt 

©GaN*HEMTfcfcWa±ELfclWH4J!«fcU V 
WEtt***TC>Sfr«t»aM>G a NJfiH EMT©«& 
£gW£?S. 
[0 00 9] 

[SH*»?»-rSfc26©*e3 ±EOfcB»*jtfiti-* 
fctf>K, *^{cfct>T«. *»»ttSS©±K:. iM 
nM^(*Jl*C©Jiff-ca)iL/-CfiS5a)i 

^^ftjti^JiXO. BtrfHnS[*«{*)i©±(C«GaN 

#st£f zm®mm\-5>vx$ % £<(c. h>tispm* 

«*®*i> pSGaNifcKttpSInGaNiOl 
Jflfig. *WJpSGaNliCpMl nGaNJl?:SB 
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txk^tiK pSGaNMO±«:MCCpMI nGaNl£ 



*©«*«a*fl«-ia i «c»-5i»rBimciiiwr*. * b. m«^SMg (MBE&-cji$&f£>i§£) 

$HB©HEMTtt> *iffi^ttSfil©±K:. ^*-;7ri 0^$^*?^^^ (MOC V DSTfiSBW 
2, i 3. nM^ftl4:fe&JiS*8tJl*ji &£*£*tf*C COiJfOpSF 

AJWBJSSft. nS*W*Ji4©±«:B:. p£¥*ttll -A> h©«gB5 x l 0 ,7 ~5 x 1 O l 'cm- 3 *IK(tT 

S, FU^>««D*J*la*WBiSti*:«»CCfto'r [0016] ft&K, y- f-m&GfcfltJSf £t«4£ U 
<,»5. 10 TB0|x.«Au/P t, A 1 fc£-££>lf£C £#Tir, 

[0 0 1 1 ] COHEMTO, GaNM^IfrK ifc*- h«G**J^5^£ UTttW*.«Au. 

ttLTMOCVDffi^MOMBE£&£'&*D©xfc.-** T i /A 1 ft££$>tf £c £#?£&. C©1fj£©HE 

^+^J&£&£jim-St£&t.£9. *&8ttt««l© MTB. h«IGOT*>P n«*«Jft«:ft-9ri> 

±KBf5£ifi«©*»ftJl*rtlll/r(,><CiKJ:->rlt 5. *Ur. y-h«SG*»6«fflE|JiO*fT5£. nf 

cct. *wtf4»si£i/rB. c©±cc %mftm4t iwt&#M3®^fvtii£fm> nftw 

J^LT^<&¥«{*»£©l«T&^S^LTl>Stt*4 KB. ia¥*fl«3©*JJl»fc2;K^W<ll3 

ttM^©IIt*fi«<{:l,i. Sfc. A?77i2ilt 20 [00 17] ^©t§£. y- hSgGitT©P ng£© 

B. GaNlltfjiftSftS. H#K:j:0d«©++ yrSEATWEaWWaSti. 

[0012] i S**ftJS3**fiW4GaN«{fc^ 3HJ8J<*ttfcmEK:<J: oT* + *>ura£^ftSmij|£i|HJ» 

49W*£0Ttt. iSGaN, iSInGaN -rSCi*r5Jtt«:&*©r. OTiB 2 ^Sm^ #*JI 3 a 

tti***fcf4C£36JT*i. £<K. iSGaNBSffi ***E"C«8Pf ac£#mtttc&»>. 2'£t£M*#Z 

■C&a. ifc, 'OF^+^yx^^-tfJJBl/fc* J13a^O« : P©mciiJWtt»fcK<«c-3"CWP©Ka 

iftgfc i SGa N©-e*U: >3 fe/hSl>*>* teBH^-C* ^»*SnJtl(CttS. 

i §?I n,Gai.,.,A 1»N (fc/cL, 0<x< [00 18] £<£, p§!¥i»&Jf5 jWWEl/fcpfflG 

1. 0<y<0.2) * i!!*2SWi3 £l/Tffll>SC£ a N £ pi I n Ga N©2II1tjtK:&-o-tl,>Si§£tt 

i>-CZZ. «. C©Wl«&*Ug©S^#F1&££L-ClSf&U 

[00 1 3] nS*&#B4£«fiWSGaN3Wt£'8J 30 *©IS». M^^KiS h>*/MK)fc*s»tiSJ:5K 

3S*tt£t,Ttt. Mill nSAlGaN, nSGaN &9> h«fc»ifcn^T< tt*©r»arc*S. 

ft£**if*c&*«T*s. cne.©^. dSaig [00193 

a NH*WC*S. S/c. A> F=F+ ? yx*;P=P-# [JU6W3 0 1 rwLfcWWNlKDH EMT£M0MB 

±EnlSAlGaN©-etiJ:0fc/Ml>*'*fcBI39T Effifc«fcO;K©J:5 8:i/CttSl,fc. $T. **fc»tt© 

fcttB, niIn,Ga,.,.,AI,N (fc/cU 0<u S i **SAS£ 1 ©±«C. Gajg£ LT£JIGa (5x 

<1, 0<v<0.5) £n§9¥j»<*ll£UTfflt,>St£ 1 O-'Torr) . NiS£ 0TSo<*;I/fc F-7^> ( 5 X 1 

4>-C*-5>„ O-'Torr) 4JBC>. fiESSSe 4 0'Crxt + 

[0 0 14] C©nS*aWMI4©fiRBHcm»SnaF S»*fflr». W*5 0A©GaN/<?7TJ12*fiS«U 

wOhil/tB, 09AB£JIS i (MB Ej£-Cfi£Ji-f fc„ 

*S>^5> (MOCVD&riSlirf * 40 [0 02 0] OC^-C, Ni®?:T>*-7 (5x l 0- ! To 

*tf4Ci*J"Cjf*. C©na¥*»Jt4©±«:ttffl» rr) KttOjft*. JffiftiUK*8 5 0*CK±Jlt/Cxe» 

7-*SffiS£ K W>mffiD£S^-f£C££:t;i& *W ;l/JSfi«rtft>, J»*5 0 0 0 A© i SGa N®3 

£. Pf&Blr:*--? v >7ffl&*.Wk% 1 £h1cHi. "Ct* £fi&ML/c„ fcte. C©£ £©* + V 7?£KB5 x 1 0 

aW*W>. W*«nfflF-><>F*ss ir*S»£tt: [0 0 2 1 ] our. SBA 1 ( 2 x 1 O-'Torr) 
B. 5x 1 0 W ~5 x 1 0 , 'arr 3 !lg©igif5Cf SfcniS F-'O h £ i (2X1 0" s 

[0 0 1 5] ^K. pM¥iSW15£*»)£-fSGaN^ Torr) 5EfifiS8 5 0 'Crxh^+f 

{fc^«J^3«*£0r«. pSGaN. pilnGaN^ &ZmmbX. Wfrlfih 0 0 AOnSA 1 GaNS4% 

*tfi>C£^r#.&. C©pS$*ffM5i*. pSGa RSJSWc. C©£t. 'JTiftSB 1 x 1 0" of* £ 
NH. pffiInGaNH©*ft*mJl*»&fiS-a-a»"C 50 ftii^KfiSBIftfriKSl/fe. ^"C. i©tt 
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te£t85.' p§2 K-/0 hi l/T&MMg (5X10" 
Torr) *«ftOrfiEWM¥*«W. BUfEnSA 1 GaN 
® 4 ©±tCJl^ 5 0 0 A© p 3?G a NIB 6 Ztm btc. 
C©i*. +t 'JTilflCttl x 1 0 l, cnf J ifc£.£5K: 

[ 0 0 2 2 ] out. *3R4TJl/=f>iy 
* % 7 7 X v{t Lfc fc ©£ x ? ? + > Kc 1/ T F v A x 

fGaN14i^>«LtnI] nGaN@4$ 
att3#fc. *<MI. ^OglitlLtS i 0,13 
fc^XvCVD&TtiHgU *hUVXh"C*jr-.=. 

ffiBrfctHPU C CC^HJ UcnSI nGaNI4 ©_h 
Ct. *UAl%»»-rac4«:«fc0. y-xmffiSiF 

[0 02 3] Aft. iW2v^*>y*x»^>if»S 
U ^©T©S i O.&fcRJPU V-^t6Si FU 
Y>m@G©ffilT£S iO.lTv^ + ^i/Lfc©^. 
±IB^PSPK: A u ZM^bX p SG a Nil 5 <DkX\t¥ 
-YnfeG*$mbXm 1 Tml,fcHEMT*llj6l, 

fc. C©HEMT«. y-F«E*»6©enamiE*3v 

rFM>«* ( I ds) #6 0mA. h'M>«E2VJ« 
±"ClMr4HEMT»tt#fl6*ifc. rttfc*. C© 
«W8ttttVds*l 0 0V*T*tfrfe-£tt«:fi!%. 



* [0 024] KSTrOCOHEMTflNtOMtttt. 
6 0 0 cm 1 A- seer* 9. 7 7 Kf©^KlS«7 5 0 0 c 

[0025] 

GaN&HEMTtt. y- hmffi^VSTSisoT ki&ISj 
fcigCT Ci#fc<. fjefcOGaNSHEMTKJt^T 

wauwi5* , j-*c43&j'c«r5. ctitt. y-hmsi* 

10 S!¥iSft)Ii©g£fi^m*©HDj£&$m#ftftT 
i>* 2 x «fc 5 K L fc C i # 6 

[an sawoHEMToMtjstwTKimr* 
[W«W] 

1 ¥&flftt*ffi 

2 ^'?yjf (GaN®) 

3 iM¥m#® ( ilGaNl) 
20 3 a 2&7C^ : P#.XJi 

4 nf$iftl(nlInGaN@) 

5 pS!*5S<*S (pSGaNft) 
s v-^il 

g y-hm® 

D FW>«S 
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